Telomeric DNA damage by topoisomerase I. A possible mechanism for cell killing by camptothecin.
Topoisomerase I adjusts torsional stress in the genome by breaking and resealing one strand of the helix through a transient covalent coupling between enzyme and DNA. Camptothecin, a specific topoisomerase I poison, traps this covalent intermediate, thereby damaging the genome. Here we examined the activity of topoisomerase I at telomeric repeats to determine whether telomere structures are targets for DNA damage. We show that topoisomerase I is catalytically active in cleaving the G-rich telomeric strand in vitro in the presence of camptothecin but not in cleaving the C-rich strand. The topoisomerase I cleavage site is 5'-TT (downward arrow) AGGG-3' (cleavage site marked by the downward arrow). We also show that endogenous topoisomerase I can access telomeric DNA in vivo and form camptothecin-dependent covalent complexes. Therefore, each telomeric repeat represents a potential topoisomerase I cleavage site in vivo. Because telomere structures are comprised of a large number of repeats, telomeres in fact represent a high concentration of nested topoisomerase I sites. Therefore, more telomeric DNA damage by camptothecin could occur in cells with longer telomeres when cells possess equivalent levels of topoisomerase I. The evidence presented here suggests that DNA damage at telomeric repeats by topoisomerase I is a prominent feature of cell killing by camptothecin and triggers camptothecin-induced apoptosis.